 (BrJ Ophthalmol 1995; 79: 218-224) 
Retinal function in amblyopia has previously been investigated using various techniques. Ikeda and Tremain demonstrated abnormal direct recordings from lateral geniculate nucleus (LGN) cells and from retinal ganglion cells in strabismic cats.1 2 Abnormal pattern electroretinograms (PERGs) in strabismic cats have been recorded, reduced in either phase or amplitude or both. 34 In human amblyopia the PERG can also be reduced in amplitude.5 6 The amblyopes with reduced PERGs in their affected eyes were those who had failed to respond to occlusion whereas those who had responded to treatment had supranormal PERGs in their amblyopic eyes.7 However, other groups have not found significantly more interocular variation in the PERGs of amblyopes than in normal subjects.810
The electro-oculogram (EOG) is a test of retinal function, in which changes in the standing potential (SP) of the eye are made manifest. [11] [12] The SP of the mammalian eye is generated primarily by a potential difference between the apical and basal membranes of the retinal pigment epithelium (RPE). In darkness the potential falls to a trough value (the dark trough; DT). In response to light there is a dose dependent increase in the potential difference, developing over several minutes to a peak value (the light peak; LP) then slowly declining to basal levels. Dopamine has been implicated in the generation of the SP in animal studies13
and shown to affect the DT in normal human subjects.14 There is evidence that systemic dopamine can improve visual function in the elderly'5 and in amblyopic adults16 and children.17 18 It was therefore decided to investigate whether the EOG showed any abnormalities in amblyopic eyes compared with normal eyes.
Materials and methods
The amblyopic subjects were 12 anisometropic or strabismic adults with an interocular difference in visual acuity of at least 2 Snellen lines when wearing full refractive correction. The control subjects were 12 adults with full visual acuity in each eye. The two groups were balanced as far as possible regarding age and sex. All subjects had a full ophthalmic examination including visual field assessment and funduscopy to exclude any ocular disease. No subject was using systemic medication or eyedrops or had had previous ocular surgery. All subjects had normally aligned corneal reflections before dissociation by the prism cover test and had full eye movements. The EOG recordings were carried out by the same operator who was blind to the visual acuity results.
The subjects were seated 1.5 metres in front of a panel on which were mounted eight neon tube bulbs. Two small red bulbs served as fixation lights and were positioned across the centre of the screen such that a 30 degree movement of the eyes were necessary for the subject to change fixation from one to the other. Chlorided silver electrodes were attached to the bridge of the nose and at each outer canthus. An earth electrode was attached to one temple. The resistance of the electrodes was <5 kOhm, measured with a 40 Hz resistance meter. The signals were amplified by an EEG machine (Dantec). The time constant was 10 seconds, the gain 200 ,iV/cm, and the upper frequency response was 100 Hz (3 dB down). The subjects were instructed to make fast eye movements from one fixation point to the other at a rate of once a second. Eight such eye movements comprised a sequence. Sequences were then performed and recorded every 2 minutes. Six sequences were recorded in the dark after an initial 20 minute period of adaptation to room light (room light was 122 lux measured at the subject's face). The room and panel lights were then turned on Comparisons were made using Student's two tailed paired t test.
The mean values obtained from the amblyopic eyes were lower than those from the fellow normal eyes at all times in dark and light. The difference was significant (p<005) in most cases as shown in Table 3 . There was no difference between the mean values obtained from the right and left control eyes. The data from Table 3 In order to reduce the intersubject variation in the absolute values obtained, the results were normalised by expressing each value as a percentage of the maximum value obtained from the subject. The statistical comparisons between affected and unaffected eyes of the amblyopes, and the right and left eyes of the controls were then repeated using the normalised data. The results are shown in Table 4 which illustrates that the difference between the amblyopic and non-amblyopic eyes became significant at all times during the recording and the significance was increased. There remained no significant difference between the right and left eyes of the control subjects. The data from Table 4 Further comparisons were carried out using the normalised data. The values from the amblyopic eyes were compared separately with those from either the right or left control eyes using Student's unpaired two tailed t test. In all cases the mean values from the amblyopic eyes were significantly lower (p<005) than those from the right or left control eyes. There was no significant difference between the values from the non-amblyopic eyes and either the right or left control eyes. As a further check, an analysis of variance (ANOVA) was performed to compare the normalised results from all four groups of eyes for the light peak and for the dark trough. There was a significant difference in the dark trough values between the four groups (F ratio 4-943, p=0-005). Tukey's pairwise comparison showed that the DT values from the amblyopic eyes were significantly lower than those from the right (p=0-008) and left (p=0-010) control eyes but not from the fellow eyes (p=0-172). There was also a significant difference in the light peak values between the four groups of eyes (F ratio 5-690, p=0-002). Tukey's pairwise comparison showed that the light peak values from the amblyopic eyes were significantly lower than those from the fellow eyes (p=0-003), the right (p=0-008) and left (p=0 002) control eyes.
The light peak/dark trough ratio was calculated for each subject and was normal (> 170%) in all cases. The mean value for the amblyopic eyes was 216% (SD 130%) and for the non-amblyopic eyes was 243% (SD 123%), there was no significant difference (p=0 43). Similarly the mean ratio for the control right eyes was 234% (SD 35%) and for the left eyes was 241O% (SD 45%); there was no significant difference between them (p=0 45).
The time course of the EOG changes was normal in all subjects. The individual amplitudes of the dark trough, light peak and the time taken to reach these points for each subject are given in Table 5 for the dark trough and Table 6 for the light peak. The mean time until the dark trough was 9-17 minutes for amblyopic and fellow eyes; there was no significant difference (paired t test, p= 1 -0). The corresponding times for the right and left eyes ofthe controls were right eye 8-50 minutes and left eye 9-33 minutes; there was again no significant difference (p=0 096). Similarly the mean time until the light peak was 19-50 minutes for the amblyopic, fellow and right control eyes and 19-67 minutes for the left control eyes. There was no significant difference in the time until light peak between the amblyopic and fellow eyes (p= 1 -0) or the right and left control eyes (p=0 338).
The potential measured in the EOG is dependent on eye movement as well as on retinal function. The eye movements of all subjects were recorded on videotape as the EOG was being carried out. The eye movements were subsequently studied and measured using freeze frame examination of the videotape. The eye movements were measured on the screen from limbus to inner canthus at the point of maximal abduction of each eye. A mean of 4-6 measurements was calculated for each eye. The mean values were compared between amblyopic and fellow eyes for the amblyopes and the right and left eyes for the controls. There was no significant difference between the means for the amblyopic and fellow eyes (p=0-50) or between the right and left eyes of the controls (p=0-17).
When looked at individually there were Time (minutes) Figure 4 Mean (SE) normalised EOG amplitudes for right and left eyes ofcontrol subjects. interocular differences in EOG amplitude for most of the control subjects as well as for the amblyopes. Nine of the amblyopes had recordings consistently smaller from their amblyopic eyes, two had recordings consistently greater from their amblyopic eyes, and for one there was no difference between the eyes. In the control group, five control subjects had recordings consistently smaller from their left eyes, six had recordings consistently lower in their right eyes, and for one subject there was no difference between the eyes. In order to explore the interocular variation for all subjects, a mean value of the interocular difference ('IOD index') for all 15 recordings was calculated for each subject (R-LIR% for the controls and non-affected-affected/nonaffected % for the amblyopes). These values are shown in Figures 5 and 6 . The mean IOD index for the control subjects was -2 12% (SD 13 27%) and for the amblyopes was 13 52% (SD 20-02%). A one sample t test was carried out on the IOD indices for the control group and the mean was not significantly different from 0 (p=059). The same test carried out on the IOD indices from the amblyopes shows that the mean is significantly different from 0 (p=0015).
The data from the normal subjects can be used as a normal range with which to compare the values froin the amblyopes. Five amblyopes have IOD indices greater than 2 SD from the control group mean; all such that the affected eye has smaller EOG amplitudes. The amblyopes with an abnormally large IOD index were subjects 2,3,5,6, and 9. If the individual values for IOD in the light peak are considered in the same way (NA-A/NA% for the amblyopes and R-IJR% for the controls) a similar distribution is seen. The same five amblyopes have an IOD in the LP values greater than 2 SD from the control mean. There was more variability in the DT values such that only three amblyopes had DT IOD outside 2 SD of the control group mean (subjects 3, 8, and 9).
The normalised data were used to compare DT and LP with the visual acuity for the amblyopic eyes. Such a comparison would be inappropriate for the unaffected eyes or the control subjects' eyes as all visual acuities were normal. Correlation coefficients for the logarithm of the reciprocal of the Snellen acuity compared with the DT (r=-0-37) or the LP (r=0-0045) were not statistically significant, although a trend was observed towards worse visual acuities being associated with lower DT values.
Discussion
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